Here we report the isolation and structure elucidation of a new phytotoxic neo-clerodane diterpenoid, royleanumin (1), along with known constituents, ursolic acid and β-amyrin. Its structure was deduced by spectral studies including NMR spectroscopy, mass spectrometric techniques and by the comparison with reported data. The compound was assayed for its phytotoxicity against lettuce seedlings. Royleanumin (1) exhibit strong activity and can be proposed as lead chemical for the development of a new environmentally friendly herbicide.
The genus Teucrium, family Lamiaceae, is comprised of 300 species, four of which grow wild in Pakistan [1] . Many species of this genus are used in folk medicine as antispasmodics, tonics, antipyretics and antiseptics [2-4,5a] . Literature survey revealed phytochemical work on Teucrium royleanum [5b,c]. The genus Teucrium is famous for the presence of neo-clarodane diterpenoids, which have been extensively studied for their insect antifeedant properties [2, [6] [7] [8] . In continuation of our research on the T. royleanum [9, 10] here in, we report the isolation, structure elucidation and phytotoxicity (allelopathy) of royleanumin (1), a new neo-clarodane diterpenoid, along with the known constituents, ursolic acid [11] and β-amyrin [12] . Royleanumin (1) was isolated as an amorphous powder. Its FT-IR spectrum showed the presence of a hydroxyl group (3400 cm -1 ) and furan moiety (3130, 1660, 1505, 874 cm -1 ) [13a] . The molecular formula C 20 H 26 O 6 was determined by HREIMS showing a molecular ion peak [M] + at m/z 362.1720 (calc. for C 20 H 26 O 6 , 362.1729), exhibiting eight degrees of unsaturation. The 1 H NMR spectrum showed the presence of a furan ring at δ7.48 (1H, s), 7.45 (1H, d, J = 1.5 Hz) and 6.42 (1H, d, J = 1.5 Hz), an acetal proton at δ 5.09 (1H, s), an oxymethine at δ 5.04 (1H, t, J = 7.1 Hz), four overlapped signals for two cyclic oxymethylenes at δ 4.14, 4.11, 3.88 and 3.83, and a secondary methyl group at δ 0.96 (1H, d, J = 6.5 Hz). The 13 C NMR spectrum of 1 disclosed 20 carbon signals for one methyl, seven methylene, seven methine and five quaternary carbon atoms. The signals at δ 144.8, 140.7, 128.1 and 109.5 indicated the presence of a furan moiety [13a] , whereas the signal for two double oxygenated carbons at δ 109.5 and 102.6 indicated the presence of two acetal groups in the molecule. The downfield signal of oxymethylene at δ 76.5 displayed the presence of an oxetane ring between carbons 4 and 5 in the molecule [13b]. Taking into account the results of our 1D-and 2D-NMR spectroscopic studies and previously reported spectroscopic data of related metabolites [13, 14] , it was evident that (1) (1) and (B) NOESY of compound (1) and C-6→C-17 moieties, respectively. To link these fragments with the furan i.e the two acetals and an oxetane ring, a 1 H-13 C long rang correlation spectroscopy (HMBC) experiment was performed. This not only connected the fragments but also determined two acetals between C-4/C-12 and C-6/C-20, and an oxetane ring between C-4/C-5. The relative stereochemistry at the various chiral centers in 1 was assigned from 2D-NOESY data, in which H-6 (δ 5.04) showed NOESY correlations with H-10 (δ 2.17), and H-10 (δ 2.17) with CH 2 -11 (δ 1.91) and CH 2 -18 (δ 4.14, 3.88), indicating configurations S at C-6, and R at C-10. However, H-20 (δ 5.09) showed NOESY correlations ( Figure 1B) with CH 3 -17 (δ 0.96) and CH 2 -19 (δ 4.11, 3.83) deducing geometries of S at C-4, S at C-5, R at C-8 and S at C-20. On the basis of the above data, the structure 1 could be assigned to royleanumin ( Figure 1A ).
Phytotoxicity bioassay:
The results of the phytotoxicity bioassay against lettuce seedlings (Lactuca sativa cv. Great Lakes 366) are shown in Figure 2 . Remarkable inhibition of the roots was noticed at all concentrations (74.3-100%). A dose dependant inhibition was observed, except at 30 ppm. This inhibition can be attributed to the basic skeleton of diterpenes [15] [16] [17] . From the present study, it is clear that royleanumin exhibits strong phytotoxicity (allelopathy) to the test lettuce seedlings. Consequently, royleanumin can be proposed as a lead compound for studies on the development of new weedicides. 
Extraction and isolation:
Shade dried aerial parts of T. royleanum (10 kg) were extracted with MeOH (3  45L) at room temperature. The combined methanolic extract was evaporated under reduced pressure to obtain a thick gummy residue (550 g), which was suspended in water and successively extracted with n-hexane, CHCl 3 and n-butanol. The CHCl 3 soluble fraction (50 g) was subjected to CC over silica gel, eluting with n-hexane, n-hexane-CHCl 3 , CHCl 3 , CHCl 3 -MeOH and MeOH in increasing order of polarity. The fractions obtained from CHCl 3 -MeOH (9.5:0.5) gave 1 major spot on TLC, which on final purification by flash chromatography with CHCl 3 -MeOH l (9.4:0.6) afforded 1 (14 mg).
Royleanumin ( 
